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ABSTRACT 
Ocean productivity plays an important role in the global carbon cycle, climate 
change and food supply. An alarming issue about the ocean productivity is that it is 
decreasing gradually in most world biomes where the decreasing rate in certain 
oceans, such as in the Bay of Bengal is higher as compared to other oceans. Although 
historically the Bay of Bengal is less productive as compared to the other oceans, 
there are large number of population living along the coastal areas depend on food 
supply from this bay. Therefore, productivity of the Bay of Bengal is very crucial 
and this study investigates the trend of ocean productivity by monitoring the long 
term variation of Chlorophyll-a concentration, and its relationships with sea surface 
temperature, precipitation and ocean current. Several steps of processing were 
adopted, which includes i) estimate the spatial and temporal variation of all 
parameters, ii) examine the variation of all parameters along the five selected 
transects from coastal to offshore area, iii) perform change detection of all 
parameters, and iv) investigate relationships between Chlorophyll-a and all other 
parameters. Results indicated several aspects, such as i) ocean productivity in the 
Bay of Bengal varies spatially and seasonally, ii) during northeast monsoon, 
Chlorophyll-a concentration in the western part of the bay is remarkably high but low 
in other parts particularly in the middle part of the bay, iii) during southwest 
monsoon, the observed Chlorophyll-a concentration is high in the south-western and 
north-western part of the bay, whereas the middle part of the bay maintains low 
productive, iv) anomaly of Chlorophyll-a concentration is high (1 to 2.5 mg/m³) in 
coastal area and very low (less than 0.5 mg/m3) in the offshore area, v) low 
Chlorophyll-a area (0-0.10 mg/m³) fluctuates highly from year to year, while very 
less fluctuation observed in high Chlorophyll-a concentrated area (1-6.5 mg/m³), vi) 
sea surface temperature and precipitation are normally higher during southwest 
monsoon as compared to northeast monsoon, and vii) strong ocean current was 
observed in western part of bay during both seasons. As conclusion, this study 
highlights the potential of remote sensing technique in monitoring ocean 
productivity, and identified that the productivity of the Bay of Bengal is changing 
with no constant rate of change from year to year. The rate of change depends on 
several factors including temperature, precipitation, ocean current, and location. 
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ABSTRAK 
Produktiviti lautan memainkan peranan penting dalam kitaran karbon global, 
perubahan iklim dan bekalan sumber makanan. Isu-isu yang membimbangkan 
berkenaan dengan produktiviti lautan ialah penurunan secara beransur-ansur dalam 
kebanyakan biom di dunia, di mana kadar penurunannya di sesetengah lautan seperti 
di Teluk Bengal adalah lebih tinggi berbanding dengan lautan lain. Walaupun 
mengikut sejarah Teluk Bengal adalah kurang produktif berbanding dengan lautan 
lain, tetapi sebilangan besar penduduk sepanjang pinggir laut bergantung kepada 
bekalan sumber makanan daripada teluk ini. Oleh itu, produktiviti Teluk Bengal 
adalah sangat penting dan kajian ini menyiasat aliran produktiviti lautan dengan 
memantau perubahan jangka masa panjang kepekatan klorofil-a, dan hubungannya 
dengan suhu permukaan laut, hujan dan arus lautan. Beberapa langkah pemprosesan 
telah digunakan termasuk i) menganggarkan perubahan ruang dan masa bagi semua 
parameter, ii) memeriksa perubahan semua parameter sepanjang lima garisan terpilih 
dari kawasan pantai ke luar pesisir, iii) melaksana pengesanan perubahan bagi semua 
parameter, dan iv) menyiasat hubungan antara klorofil-a dengan semua parameter. 
Hasil kajian menunjukkan beberapa aspek seperti i) produktiviti lautan di Teluk 
Bengal adalah berbeza mengikut ruang dan monsun, ii) semasa monsun timur laut, 
kepekatan klorofil-a di bahagian barat teluk adalah amat tinggi tetapi rendah di 
kawasan-kawasan lain terutamanya di bahagian tengah teluk, iii) semasa monsun 
barat daya, kepekatan klorofil-a yang diperhatikan adalah tinggi di bahagian barat 
daya dan barat laut teluk manakala bahagian tengah teluk mengekalkan produktiviti 
yang rendah, iv) anomali kepekatan klorofil-a adalah tinggi (1 hingga 2.5 mg/m³) di 
kawasan pantai tetapi sangat rendah (kurang daripada 0.5 mg/m³) di kawasan luar 
pesisir, v) kawasan klorofil-a yang rendah (0-0.10 mg/m³) mengalami perubahan 
yang besar dari tahun ke tahun, manakala kurang perubahan dilihat pada kawasan 
berkepekatan klorofil-a yang tinggi (1-6.5 mg/m³), vi) suhu permukaan laut dan 
hujan biasanya lebih tinggi semasa monsun barat daya berbanding dengan monsun 
timur laut, dan vii) arus lautan yang kuat dilihat di bahagian barat teluk semasa 
kedua-dua monsun. Kesimpulannya, hasil kajian telah menekankan potensi teknik 
penderiaan jauh dalam memantau produktiviti lautan dan mengenal pasti Teluk 
Bengal sedang berubah dengan tiada kadar perubahan tetap dari tahun ke tahun. 
Kadar perubahan ini bergantung kepada beberapa faktor termasuk suhu, hujan, arus 
lautan, dan lokasi. 
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CHAPTER 1 
 
 
 
 
INTRODUCTION 
 
 
 
 
1.1 Background of Study 
 
 
Ocean covers over 71 percent of the Earth’s surface and plays an important 
role in the Earth’s systems including climate and weather (NOAA, 2014). Ocean is 
known as the largest active reservoir of carbon and primary sink of anthropogenic 
Carbon dioxide (CO2). Oceanic plants like phytoplankton absorb CO2 during 
photosynthesis and releases through respiration process (Sarangi et al., 2005). 
Phytoplankton is an essential part of the organic carbon transportation from the upper 
to deep ocean (Marinov et al., 2010). More than a hundred million tons of carbon in 
the form of CO2 is fixed into organic material and similar amount of organic carbon 
is transferred into marine ecosystems by sinking and grazing for each day (Field et 
al., 1998; Behrenfeld et al., 2006). The role of phytoplankton is very significant in 
the climate change and total global carbon cycle as it may changes the sea surface 
temperature through absorption of solar radiation for photosynthesis, and cause the 
climate change (Chisholm, 2000; Marzeion et al., 2005). The amount of carbon 
(organic matter) produced by phytoplankton defines the ocean productivity. Ocean 
productivity can also be defined more precisely as a measure of the rate of growth of 
organic matter through photosynthesis and chemosynthesis in producer organisms 
based on the oxygen released and carbon taken in (Martin, 2004). 
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Ocean primary productivity is an important element of the Earth’s carbon 
cycles, and in anticipating the reaction of marine biota to conceivable changes in 
radiative or other physical forcing because of the increasing of global temperature 
(Antoine et al., 1996; Behrenfeld et al., 2001; Wang et al., 2009). Scientists found 
that global ocean productivity/Chl-a concentration is experiencing a declination 
(Gregg et al., 2005), most likely because of the effect from global warming and 
anthropogenic (human activities) distortions (Raju et al., 2011). 
 
 
Monitoring ocean productivity/Chl-a concentration is important but it is 
almost an impossible task by using conventional ship survey technique due to time 
constraint, high cost, and accessibility consideration (MacFadyen, 1998). Hence, 
remote sensing technique has been applied to overcome the limitations of 
conventional technique in terms of cost, time, and data availability (Sarangi et al., 
2005) as ocean color satellites make the synoptic sampling at high frequency over 
large oceanic regions possible (Joint and Groom, 2000). The launches of ocean color 
sensors such as Sea-Viewing Wide Field-of-View Sensor (SeaWiFS) in 1997 
followed by Moderate Resolution Imaging Spectroradiometer (MODIS) in 1999 on 
Terra spacecraft and in 2002 on Aqua have provided an unique opportunity for the 
monitoring of long term time series data for oceanography study.  
 
 
Many studies have been conducted to monitor ocean productivity/Chl-a 
concentration and its variation using remote sensing technique (Macfadyen, 1998; 
Sarangi et al., 2005; Chathurvedi, 2005; Madhu et al., 2006; Abbas et al., 2012). 
However, there are several factors such as sea surface temperature, precipitation, and 
ocean current that affect the Chl-a concentration directly or indirectly and the 
influence of these factors on the ocean productivity/Chl-a concentration is varied 
based on location at the ocean, time/season, human interference, as well as 
environmental condition.  
 
 
Several studies examined the relationship between Chl-a concentration and 
Sea Surface Temperature (SST) and found that the increasing of SST have a high 
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impact on oceanographic parameters as well as the Chl-a concentration 
(Kamykowski, 1987; Madhupratap et al., 2003; Behrenfeld et al., 2006; Sarangi et 
al., 2008). Basically, low SST contributes to high Chl-a concentration. Nevertheless, 
the relationship between SST and Chl-a concentration varies according to regional 
location and SST variation (Chaturvedi, 2005). Thus, it is vital to examine the 
concrete long-term relationship between Chl-a concentration and SST as global 
temperature continues to rise (Jutla et al., 2011).   
 
 
Ocean current is another important oceanic parameter in determining the 
variation of Chl-a concentration. The inter-relationship between ocean current, SST, 
and Chl-a concentration is strong as high intensity of ocean current is able to cool the 
ocean surface temperature. The probability for phytoplankton to bloom is high in 
cold water (Sarangi et al., 2008). Moreover, the movement of water due to the ocean 
current may cause ocean circulation like gyre and cyclonic storm to occur (Nerverkar 
and Kumar, 2006). These activities basically bring the nutrient from deep ocean into 
the surface (euphotic layer) and thus, increase the Chl-a concentration (Prasanna 
Kumar et al., 2002).  
 
 
The variation of ocean productivity/Chl-a concentration can also be observed 
due to the precipitation. The importance of precipitation in relation to ocean 
productivity has been highlighted by the previous studies as precipitation is enriched 
in biological forms of Nitrogen (NOx, NH4, and organic N) and subsequently acts as a 
source of plant nutrients in estuaries and coastal ocean waters (Paerl et al., 1990). 
High amount of precipitation produce large freshwater on the land that brings 
nutrients into the coastal ocean through river discharge (Acker et al., 2005; 
Sachoemar et al., 2010) from adjacent landmass such as agriculture field 
(Arhonditsis et al., 2002; Balachandran et al., 2008). Studies also found that the 
amount of precipitation also influences the other oceanic parameters variation such 
as salinity and temperature of the ocean (Gomes et al., 2000; Perumal et al., 2009). 
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It is reviled from the above background information that the monitoring of 
ocean productivity is important and this can be done using remote sensing technique 
very effectively as long-term data with very high temporal resolution are available 
from dedicated ocean color sensors without any sort of costs. Several oceanic and 
non-oceanic factors directly affect the ocean productivity or Chl-a concentration. 
However, the impacts of these factors are not constant and varied based on several 
locational and environmental conditions. Therefore, it is hardly possible to draw any 
substantial conclusion from the findings of other studies about the ocean 
productivity, its change and its relationships with oceanic, climatic and 
environmental factors without conducting a proper investigation for a particular area 
of an ocean. Nevertheless, proper consideration should be given for the selection of 
parameters that can affect ocean productivity although few parameters such as SST, 
ocean current, and precipitation, are commonly investigated individually or jointly 
with another two or three by the researcher very frequently. 
 
 
 
 
1.2 Problem Statement 
 
 
It is obvious that the productivity of the ocean is important but researchers 
found that primary production of ocean is decreasing and the rate of decline of ocean 
primary productivity is about 1% per year in most global biomes (Gregg and 
Conkright, 2002; Boyce et al., 2010; Henson et al., 2013). The declination of ocean 
primary productivity is believed to be the result of changes in sea surface 
temperature due to the impact of global warming (Boyce et al., 2010; Henson et al., 
2013) and natural variability (Gregg and Conkright, 2002).  
 
 
However, studies found that similar to the other part of the ocean, Chl-a 
concentration in the Bay of Bengal has declined and the primary productivity in the 
Bay of Bengal is low as compared to the adjacent Arabian Sea due to the several 
reasons (Rao et al., 1994; Madhupratap et al., 2003). Gregg et al., (2005) found that 
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Chl-a concentration had declined by about 17% from 1998 to 2003 (approximately 
2.8% per year) in the Bay of Bengal and the declination rate is higher than the global 
ocean primary productivity declination rate. However, the ocean productivity trend 
in the Bay of Bengal varies with respect to locations and other factors (Kamykowski, 
1987; Kumari and Babu, 2009). 
 
 
Although many studies have been conducted in Bay of Bengal, very few 
studies considers all of the important factors. For example, some studies focused on 
the effects of SST on ocean productivity (Chathurvedi, 2005; Sarangi et al., 2008; 
Jutla et al., 2011), while other studies are focused on the other parameters like 
precipitation, ocean current, natural disaster and so on (Gauns et al., 2005; Smitha et 
al., 2006; Yan and Tang, 2009; Borrione et al., 2013; Everett et al., 2014; Jyothibabu 
et al., 2015). Moreover, monitoring of ocean productivity in the Bay of Bengal is 
sometimes only restricted to a certain part of the bay. For examples, some studies 
were conducted to analyze the Chl-a production in the western part of the Bay of 
Bengal (Madhu et al., 2006), whereas, other studies are focused on the variability of 
Chl-a concentration in the southern part only (Sarangi et al., 2008; Girishkumar et 
al., 2012).  
 
 
As a result, there are still substantial uncertainties in productivity of the ocean 
in the Bay of Bengal where ocean productivity variation due to the internal and 
external factors is still remains in doubt. As a matter of fact, SST, precipitation, and 
ocean current are related to one and another and combined effect from all those 
parameters on the variation of ocean productivity is really important to understand a 
complete scenario of the ocean productivity of the Bay of Bengal.  
 
 
 
 
 
 
 
6 
 
1.3 Research Objectives 
 
 
The main objective of this study is to monitor long term ocean productivity in 
the Bay of Bengal with respect to sea surface temperature, precipitation and ocean 
current. There are several specific objectives that need to be addressed in order to 
achieve the main objective: 
 
 
1. to determine spatial and temporal variation of the ocean productivity, 
 
 
2. to investigate spatial and temporal variation of different affecting parameters; 
sea surface temperature, precipitation, and ocean current, and 
 
 
3. to examine the relationships between affecting parameters and the ocean 
productivity. 
 
 
 
 
1.4 Scope of Study 
 
 
1. This study uses MODIS Aqua for Chl-a concentration, and SST 
determination. MODIS was selected to use in this study because of the long 
term availability of data (since 2002 until recently), better spatial resolution 
(i.e. 250 m, 500 m, and 1 km) as compared to other sensors like SeaWiFS 
(i.e. 1.1 km for LAC and 4.5 km for GAC) and high temporal resolution (1 to 
2 days). 
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2. The other satellite data that were used in this study are Tropical Rainfall 
Measuring Mission (TRMM) and Ocean Surface Current Analyses-Real Time 
(OSCAR). Data from TRMM were used for precipitation measurement and 
OSCAR data were used to determine the ocean current. These data were 
selected due to the availability of data to cover the period of study. Moreover, 
product derived from TRMM and OSCAR satellites are easy to process as 
these data are available in readable format.   
 
 
3. Collection of in-situ data for validation of Chl-a concentration and other 
parameters cannot be carried out in this study due to the cost and time-
constrains. However, in-situ data was collected from other sources (i.e. 
NASA Ocean Motion program and NOAA National Data Buoy Center) that 
provided in-situ measurement data collected through buoy and ship drift 
technique. 
 
 
4. There are many different internal and external oceanic parameters that 
influence the ocean productivity/Chl-a concentration directly or indirectly. 
However, based on the previous studies conducted by other researchers in 
monitoring the variation of ocean productivity; SST, precipitation, and ocean 
current were selected as these parameters affect the variation of the 
productivity. 
 
 
5. In this study, all the oceanic parameters (i.e. SST, precipitation, and ocean 
current) include Chl-a concentration were analysed in three methods: i) 
spatial and temporal variation, ii) quantitative variation, and iii) change 
detection. The spatial and temporal variation was carried out by observing the 
variation of each parameter in monthly basis according to the monsoonal 
changes in the bay which are northeast monsoon (November to February) and 
southwest monsoon (June to September). The quantitative and change 
detection method involves the analysis of rate of changes of classified data 
between one base year (i.e. 2003) and other years (from 2004 to 2014). 
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6. The relationships between all oceanic and environmental parameters with the 
ocean productivity/Chl-a concentration were determined using the correlation 
analysis. Correlation coefficient (r) value was used to determine the strength 
between examined parameters and further investigation were made from the 
obtained r value in order to determine that the investigated parameter are 
positively, negatively, or not correlated. 
 
 
7. This study was carried out in Bay of Bengal, which is located in north-eastern 
part of Indian Ocean and boarded by four countries; India, Bangladesh, Sri 
Lanka, and Myanmar. This study area has been selected because of its 
importance in supporting food production for the population in surrounding 
areas especially in India, Bangladesh and Myanmar. Besides that, Bay of 
Bengal is known as one of the World’s 64 largest marine ecosystems which 
has unique characteristics in terms of seasonal reversing monsoon, receive 
large amount of water discharge from five main rivers (i.e. Cauvery, Krishna, 
Godavari, Ganges, and Irrawaddy), and the frequent occurrence of natural 
disaster like cyclones that contribute to the high variation of ocean 
productivity at this area (Sabarudin and Sarker, 2014). 
 
 
 
 
1.5 Significance of Study 
 
 
In general, ocean productivity/Chl-a concentration is changing rapidly in 
spatial and temporal ways and is affected by many internal and external factors such 
as SST, precipitation, and ocean current. Therefore, concrete relationship between 
these factors and Chl-a concentration is vital to examine the exact behaviour of 
affecting parameters to the Chl-a concentration variation. The monitoring of ocean 
productivity/Chl-a concentration variation due to the affecting parameters and how it 
changes in seasonal and annual term provides the information about short-term and 
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long-term trend of Chl-a concentration variation. The trend of Chl-a concentration 
variation is important for future prediction of ocean productivity at certain areas. 
 
 
This study also intends to improve the limitations of previous studies in terms 
of study area, limited parameter used, and specific time period. Thus, the outcome of 
this study will provide the information about ocean productivity variation in the 
whole Bay of Bengal area by considering the oceanic and environmental factors; 
SST, precipitation, and ocean current for short term and long term based analysis. 
This long term observation (more than a decade) will benefit future research in 
providing complete data and information about the trend of variation of ocean 
productivity due to the examined factors. 
 
 
Moreover, the information about ocean productivity is useful for 
meteorological and climatologically purposes. Phytoplankton converts carbon 
dioxide to oxygen through photosynthesis process, and the declination of 
phytoplankton may reduce the amount of carbon dioxide from the atmosphere which 
is a major greenhouse gas (388,500 ppb) that causes global warming. The changes of 
ocean productivity can be used to determine climate change at certain areas (Wang et 
al., 2009). Furthermore, study about Chl-a concentration distribution may benefit the 
food production industry. The spatial distribution of Chl-a concentration provides the 
information about the habitat of the oceanic organisms and their exact spatial 
location. This valuable information helps food industry to increase the productivity 
effectively by identifying the potential fishing zones (Nayak et al., 2003; Marzeion et 
al., 2005). Due to the increasing population of the people nearby the Bay of Bengal, 
the marine productivity is really important as it is the main source of food for them.  
 
 
 
 
 
 
 
10 
 
1.6 Study Area and Dataset used 
 
 
1.6.1 Study Area 
 
 
The area of study, Bay of Bengal (Figure 1.1) (Lat. 13° 31' 54.2634" N and 
Lon. 87° 32' 22.4982"E), is located at the northeastern part of the Indian Ocean, 
bordered by India and Sri Lanka to the west, Bangladesh to the north, and Myanmar 
to the east. The bay occupies an area of about 2.2 million sq km with the average 
depth of 2600 m. It is known as the largest bay in the world with a unique semi-
enclosed tropical basin and is characterized as a region with tropical climate, high 
rainfall, and monsoon variation. The seasonal reversing monsoon with large amount 
of water discharged from Brahmaputra and Irrawaddy rivers contribute to the 
unstable trend of ocean productivity/Chl-a concentration and makes Bay of Bengal 
an unique place to study.  
 
 
The climate at Bay of Bengal is dominated by the monsoon current (Shetye et 
al., 1993). There is a well-developed anti-cyclonic gyre in the Bay of Bengal and a 
pole-ward east India coastal current (EICC) during the pre-monsoon months 
(February to May). The EICC flows pole-ward along the southern part of the Indian 
coast and equator-ward farther north during southwest monsoon (June – Sept) 
(Sarangi et al., 2008). However, during northeast monsoon (from Nov to Feb), the 
EICC is equator-ward all along the coast. The weather is very active particularly in 
November as the monsoon season often brings in severe cyclones, which affects 
Eastern India as well as other parts of countries (Vinayachandran and Mathew, 
2003). 
 
 
Freshwater from the rivers such as the Irrawady, Brahmaputra, Ganges, 
Godavari, Krishna, and Cauvery have influenced the coastal part of the bay 
(Subramanian, 1993). For example, the Ganges-Brahmaputra delta is the fourth 
largest in the world, comprising approximately 105,640 km2 contribute ~15,000 m3 s-
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1 mean annual volume river discharge associated with an immense suspended 
sediment load of ~ 1000 million tonnes into the Bay of Bengal (Tilstone et al., 2011). 
The freshwater from river discharge influences the temperature, salinity, and water 
density at the coastal region of the bay where a noteworthy impact of river water is 
available, the temperature and salinity of the water are not the same as the offshore 
part of the Bay of Bengal. 
 
 
The Bay of Bengal is full of biological diversity, diverging amongst coral 
reefs, estuaries, fish spawning and nursery areas, and mangroves. However, Bay of 
Bengal has a conflict in issue of habitat such as degradation of mangrove habitats, 
coral reefs, and loss of seagrasses. It is believed that this issue occurred due to 
several factors that are; 1) lack of coastal development plans, 2) increasing trade in 
products from coastal habitats, 3) coastal development and industrialization, 4) 
ineffective marine protected areas, 5) upstream development that affects water-flow, 
6) intensive upstream agricultural practices, and 7) increase in tourism (Banglapedia, 
2015). 
 
 
A quarter of the world’s population lives in the countries bordering the Bay 
of Bengal (Aziz Ahmad et al., 1998), since the World Bank (2015) reported that the 
population of India has reached 1 billion in year 2014, followed by Bangladesh with 
156 million, Myanmar with 53 million, and Sri Lanka with 20 million of people. The 
increasing number of population might increases a very high demand for marine 
resources in future. Moreover, of the four hundred million people living in the Bay of 
Bengal catchment area, many subsist at or below the poverty level (McGinley, 2008). 
Therefore, long term planning of the preservation and managing of marine 
productivity at the Bay of Bengal is considered urgent. Nevertheless, high population 
density in this area may contribute to the sewage production, runoff, and disturbance 
to the coastal environment.  
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Figure 1.1 Location of Bay of Bengal 
 
 
 
 
1.6.2 Dataset Used 
 
 
Each parameter was computed using different type of data from different 
sources. Satellite imagery used for this study are Moderate Resolution Imaging 
Spectroradiometer (MODIS), Tropical Rainfall Measuring Mission (TRMM), and 
Ocean Surface Current Analyses-Real Time (OSCAR), while in-situ data were 
obtained from NASA Ocean Motion Program and National Data Buoy Center, 
respectively. 
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1.6.2.1 Moderate Resolution Imaging Spectroradiometer (MODIS) 
 
 
This study used MODIS data from 2003 to 2014 for Chl-a concentration and 
sea surface temperature determination. MODIS data product for Chl-a concentration 
and SST were downloaded from National Aeronautics and Space Administration 
(NASA) Ocean Colour Group (http://oceancolor.gsfc.nasa.gov). 
 
 
MODIS has 36 spectral bands with range from 0.4 µm to 14.4 µm. It has 
three types of spatial resolutions i.e. 250 m at nadir (channel 1 and 2), 500 m 
(channel 3 to 7), and 1 km (channel 8 and above). MODIS takes one to two days to 
cover the entire surface of the Earth.  
 
 
In this study, level 2 (L2) of MODIS Aqua data were used to determine Chl-a 
concentration and SST, respectively. L2 data consists of derived geophysical variable 
that has undergone geometric and atmospheric correction. Band 9, 11, and 12 were 
used for Chl-a concentration while band 31 and 32 of L2 product were used for SST 
computation (see Table 1.1). 
Table 1.1: Selected MODIS L2 data and the characteristics 
Level Band Bandwidth  
Spatial 
resolution (m) 
Parameter 
L2 9 438-448 (nm) 1000 Chl-a  
 11 526-536 (nm) 1000 Chl-a  
 12 546-556 (nm) 1000 Chl-a  
 31 10.78-11.28 (µm) 1000 SST 
 32 11.77-12.27 (µm) 1000 SST 
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1.6.2.2 Tropical Rainfall Measuring Mission (TRMM) 
 
 
Precipitation data were acquired from NASA GES DISC (Goddard Earth 
Sciences Data and Information Services Center) (http://disc.sci.gsfc.nasa.gov). 
TRMM (Tropical Rainfall Measuring Mission) is a joint satellite mission of United 
States and Japan to monitor tropical and subtropical precipitation and to estimate its 
associated latent heating (NASA, 2014). The details information about TRMM data 
used in this study are presented in Table 1.2. 
Table 1.2: Detail specifications for selected TRMM data product 
Data Set TRMM_3B43 (Monthly Rainfall Product) 
Data Version Version 7 
Platform Tropical Rainfall Measuring Mission 
Sensor 
TRMM Precipitation Radar, TRMM Microwave Imager, 
TRMM Visible Infrared Scanner 
Spatial resolution 0.25 degree x 0.25 degree 
Temporal 
resolution 
Monthly 
Parameters Precipitation rate 
 
 
 
 
1.6.2.3 Ocean Surface Current Analyses-Real Time (OSCAR) 
 
 
Ocean current data were obtained from OSCAR (Ocean Current Surface 
Analyses-Real Time) at www.oscar.noaa.gov. OSCAR project developed a 
processing system and data center to provide operational ocean surface velocity 
fields from satellite altimeter and vector wind data. The OSCAR product is known as 
a product constructed from TOPEX/Poseidon sea surface heights (SSH), 
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scatterometer winds (W), and both AVHRR and in-situ sea surface temperatures 
(SST) (Bonjean and Lagerloef, 2002). Details about the ocean current data used for 
this study are presented in Table 1.3. 
Table 1.3: Detail specifications for OSCAR data 
Data  Ocean surface currents 
Data Type Monthly mean 
Variable type U (Zonal velocity) and V (Meridional velocity) mean 
Spatial resolution 0.33 degree x 0.33 degree 
Unit m/s 
 
 
 
 
1.6.2.4 In-situ Data 
 
 
In-situ data is essential to validate every parameter used in this study. In-situ 
measurements for all parameters were collected from NASA Ocean Motion program 
(www.oceanmotion.org) and National Data Buoy Center (www.ndbc.noaa.gov). 
NASA’s Ocean Motion and Surface Current program provides a comprehensive 
review of the ocean surface circulation and provides in-situ data for a certain oceanic 
parameter from ship drift data which covers the entire world’s ocean. In this study, 
Chl-a concentration and SST in-situ data were obtained from this program. 
 
 
The other oceanic parameters such as ocean current and precipitation were 
validated by using buoy data. National Data Buoy Center - OceanSITES, known as 
an international system of long-term, open ocean reference stations measuring 
dozens of variables and monitoring full depth of the ocean down to the seafloor.  
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